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Testbed Based on a Space-Based Optical 

Interferometer 
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A Space-Based Interferometer 


• used for astrometry: 

- measure baseline and delay lines using 

metrology system 

• used for imaging 

- measure intensity (mag) and phase (via 

delay line distance) of central fringe of 
interference pattern 

- vary baseline and rotate siderostats about 

LOS to target star by rigid body motion 

- reconstruct image from 2-D spatial IFT of 

the measured intensity 
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SENSORS AND ACTUATORS 
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Design disturbances and control objective 

Mount onboard disturbances at locations of lower 
disturbability 

Passive and active isolation at source and output 


INTERFEROMETER: EXAMPLE OF CST DESIGN 
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FEMIID CORRELATION FOR THE NAKED TRUSS 
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DISTURBANCE SOURCE IMPLEMENTATION 



UIUUISHH 



expected while concentrating 
energy in vicinity of first few 
structural modes. 
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Shunted Piezoelectric Dampins 
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Active Isolation of Lightweight Mirrors on Flexible 

Structures 
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Open Loop Transfer Function of 

Mirror 

• mirror actuated in piston (z) direction only 

mirror mounted on rigid base 
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mirror mounted at truss vertex 


(plate C) 
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mirror mounted on truss beam 
(plate A) 
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Travelling Wave Model 
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Dereverberated Mobility Model 
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Interferometer Actuator and Sensor Locations 
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Active Strut Configuration 
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Dereverberated Transfer Function 
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Some damping added with simple compensator. 

Expect more damping possible with better impedance 
match. 
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ACTIVE VIBRATION ISOLATION 
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SOURCE 



• NOISY SOURCES, SENSITIVE DESTINATIONS 

• OPPORTUNITIES FOR ACTIVE CONTROL 

• CURRENT WORK / FORECAST 



Applications 



Noisy Machine 
Flexible structure 
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r. 




Sensitive 






I ^ I ^ I ^ I ^ w I 

Noisy Space Station 


Instrument 


Common Features: 

* • The mount represents a "bottle neck" in 
the disturbance path. 

* Structural Response is poorly known. 






DYNAMIC MACHINERY ISQLATIQM 


^“1 



^0 - disturbance force 
F_ = transmitted force 
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TRADITIONAL PASSIVE MOUNT DESIGN 


DESIGN MODEL: 


Rigid Machinej 
Soft Mount I 
Rigid Vehicle) 



(disturbance) 


/7777T77 




(transmitted) 



disturbance frequencies 


EXAMPLE: Naval Machinery Raft 



M n H mi 

Hull Structure 





EXAMPLES OF PASSIVE ISOLATION 



Fig 6 Isolator Performance vs Sccorulary Stiffness K 










MODELING APPROAp|-fpQ- 



t:i^ 


If o)Qi3t < (opiexi then a flexible body is rigid. 







OVERVIEW OF ACTIVE APPROACHES FOR 
MACHINERY ISOLATION 


Broadband / Semi-passive 
Narrowband 




ACTUATOR OPTIONS 




BROADBAND/SEMI-PASSiVE 


1) Variable viscous damping: 


• xrgrnai b g«d 


hydraulic 

mount 


mgtol 
bushing - 

fluid 

rtisrvoir 



ngction 


Graf & Shoureshi, 1987 

(also much work on 
vehicle suspensions) 


Figure la The Semi-Aciivc Hydraulic Moun: 



Figure lb Installation of a Hydraulic Mourn 


BROADBA ND/ACTiyg 


Newport Corp EVIS Vibration Table (1988) 
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Figure : 
fro* the 
function 


of trequency. 


-V EVIS 
working 


of vibrations 
surface as a 


Sperry Corp. FEAMIS Magnetic Isolation System 
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10. lUtiB of TranimiUtd Foret tnlo Foundotioa for Ac- 
tivt/PAMtve Mount ReUtivc to Pmi1v« Mount 


Fig. 7. Open-Loop Frequency Response for Uncompensated System 
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USE; VIBRATION ISOLATION MOUNT 


HELICOPTER FLOOR 


12c 
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sin(to^t) 

^A tip-weighted beam 1 
in bending > 


OF A 



NARROWBAND/ACTIVE 


Basic principle: Provide compensator gain only at 
(well-known) disturbance frequency. Avoid 
destabilizing unmodelled dynamics. 


DISTURBANCE 

SPECTRUM 



COMPENSATOR 

GAIN 


" A A 



ACTIVE MOUNT T 
STIFFNESS I 


to 





MIMO implementation? 


CLASSIFICATION OF APPLICATIONS AND 
ACCOMPLISHMENTS 


Generic 



















NARROWBAND/ACTIVE 




FREQUENCY, Hi 

riguro 21: Vartleul TrtntmiitibUUy of Acuvf Soat Isolator in 
Isolata Mod# Maaaurod CX^ring Laboratocy Tasta 


Allen & Calcaterra 
( 1972 ) 











NARROWBAND/ACTIVE 


ENGINE 


VIBRATION ^ IkOTHER VIBRATION, OR 
nhjMlC AND DYNAMIC 
[ACTUATOR ---^WJfORCES 


(active mount) | 






SEATING 


esidual transducer 


Fig. S Thg actm tngine mount prevents engine vibmtion 
rKchmg the seating but ignores all other forces, it thus holds 
w engine rigidly aligned. Any vibmtion from other parts of 
the structure which may be transmitted vta the seating to the 
mount (ie, the reverse direction) is treated idenncally — it is 
Ignored and not eanallad. This is an essential feature of any 
active rnount since cancellation xoouid not be occurring at 
source and would result m actual enhancement in other parts 
of the structure. 



Fig.d Typical periodic spectrum 
from the active vibration cancel^ 
lotion rig ^ (a) before cancellation, 
(b) after cancellation. 


EGHTESADI & CHAPLIN (1987) 
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Narrowband Vibration Isolation 
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OmGJNAL PAGE IS 
OF POOR QUALITY 




UNKNOWN PLANT PHASE 


Compromise between performance and stability: 


Possible root - loci (local): 



(Collocated force sensor, piezo actuator) 


Compromise: 

Make compensator damping ratio equal to plant damping 

ratio 

(Limits theoretical active disturbance attenuation to 1/C) 
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Figure 1. Details of the mount design and laboratory 
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Figure 4. Reductions in cost and energy functions for the system wiLh 
horizontal ptimazy eacitadon. 
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Figure 2. SccQon of the expehmemaj system used to measure the reductions in PSD tor the 
diesd instaliadon. also shown is a plan view of the receiver and measurement locaQons 


Figure 6. Reduedons in ooti and energy funedons for the system with 
hohzontai primary e x dtano n and the error sensors located on the 
intennediate plavs. 
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SUMMARY 


Error sensors should be carefully selected 

Colocated force transducers make good error sensors 

Flanking paths may be important 

Uncontrolled axes are flanking paths 

Active isola^ioA cf oeriodic disturbances is ready for 
widespread impu^^ntation: 

Each application: 

how many axes? 
flanking paths? 
actuators? 
sensors? 
plant dynamics? 
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BROADBAND ACTIVE ISOLATION 


3 



L> ^ X 





Spuce *Lru]ineerintf *J{^scarcfi Center 










FORECAST: (ACTIVE ViBRATIQN 
ISOLATiON) 


Active control of periodic noise (narrowband) is easy 
and important 


Active techniques will have major impact upon 
narrowband r^(?(i?^hon when 

Design requirements prohibit soft mounts 

Performance demands justify cost and 
maintenance 


Broadband isolation will remain passive or quasi- 
passive, particularly in presence of important plant 
dynamics. 
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3rd Annual SERC Symposium 
July 1, 1991 
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Outline 
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Understand current approaches in optics 

Investigate potential Imitations imposed by flexibility in 
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Overview of Current Optical Programs 
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A ctuation Approaches for Deformins a Mirror 
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Control Approach Conwarison 
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CSI Control Bandwidth Limitations 
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Deformable Mirror Testbed Concept 
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Testbed Functional Block Diaeram 
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Distributed Control Approaches 
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Phase 0 deformable mirror testbed 
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uasistatic Error Correction 
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Authority Control (LAC) 
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Hif^h Authority Control (HAC) Desien Methodology 

• Designed for first 2 modes (freq.-weighted rms performance) 
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Open Issues 

Must demonstrate concepts on a realistic optical system 
• 2-D mirror 
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membrane mirrors/ electrostatic actuation 


Open Issues 
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Deformable mirrors built to date have been constrained by 



Space 

T,nginuring 




N93 



ES 1 7 1 


Space "Engineering "R^searcfi Center 



OUTLINE 


m cQ 
^ o ^ 

I g'S 

E ® .s 

o S g 

o H O 


^ CO rrt 

e |l 

cd 43 *?g 

SSI 
s ^c 3 

•c 

O 

Oh 

X I I 


Jh ^ 
<D Erl 


Schedule 


MODE and its Rationale 
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Why investigating the d 3 mamics of truss structures ? 

Nonlinear dynamics of jointed space structures can alter 
the vibrational/acoustical characteristics of a space 
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MODE and its Rationale (Continued) 

Why investigating the dynamics of contained fluids ? 
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control designs for spacecraft’s with on-board fluids to 
avoid instabilities 



Program Objectives 
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Program Objectives (Continued) 
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Science Overview (Truss Structures) 

Gravity effects that alter the modal characteristics of truss structures 






Similar for tensioning wires 


Gravity field also alters the modal characteristics (frequency and 
mode shapes) of the structure. This effect scales with: 
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Need suspension frequency 1 order of magnitude lower 
than 1 st natural frequency of structure. 

0.1 Hz suspension frequency can be achieved with state- 
of-the-art suspension systems. 


Modelling Approach 
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Characterization of the Nonlinear Components 

• Force transmitted by a nonlinear structural component is: 
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Science Overview (Contained Fluids) 

Major sources of nonlinearities in the dynamics of contained fluids 



Simplified Nonplanar Model 



Let T]{r,e,t) = f(r,e)+r\^[r,e,t) 

f is the function thst describes the equilibrium free surface 

For example the equilibrium fluid shape of Silicone Oil in a 3.1 
cm cylindrical tank 



Effect scales with the Bond number Bo - 


Convection forces at the free surface 



space ‘Engineering 1{(iearcfi Center 








Typical Ground Test Experimental and 

Predicted Results 
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Experimental Design (Structures) 







Experimental Design (Contained Fluids) 

Scaleti tanks of prototypical spacecraft fluid containers 
Cylindrical tank with a flat bottom 
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Experimental Design (Contained Fluids - Cont.) 
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Examvles of Single Sensor Characteristics 
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Fourier Transforms of Rectangular, Gaussian and Hanning Squared Windows 
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